Each year, about four million tons of steel slag, a by-product produced during the manufacture of steel by refining pig iron in the converter furnace, is generated. It is difficult to recycle this steel slag as aggregate for concrete because the reaction with water and free-CaO in steel slag results in a volume expansion that leads to cracking. However, the steel slag used in this study is atomized using an air-jet method, which rapidly changes the melting substance at high temperature into a solid at a room temperature and prevents free-CaO from being generated in steel slag. This rapidly-cooled steel slag has a spherical shape and is even heavier than natural aggregate, making it suitable for the aggregate of radiation shielding concrete. This study deals with the radiation shielding property of concrete that uses the rapidly-cooled steel slag from the oxidizing process in the converter furnace as fine aggregate. It was shown that the radiation shielding performance of concrete mixed with rapidly-cooled steel slag is even more superior than that of ordinary concrete.
Introduction
The construction plan for the Shin-wooljin nuclear power plant and a number of contracts of nuclear power plant construction planned have recently been in issue. In general, of the radiation shielding technologies for structures, heavy weight concrete that contains metal aggregate, including magnetite and hematite with high content of iron(Fe), and that makes the concrete heavier in weight is typically used, or the walls are built thicker with OPC. However, it is difficult to Recently a technique for manufacturing stable aggregate for concrete was developed that uses rapid cooling of the fused steel slag to prevent free CaO from being generated. Studies have been actively conducted to find more appropriate usages of the aggregate [6, 7] . When the slag is rapidly cooled, the content of free CaO that could cause a volume expansion and subsequent collapse is 0.15%, and the rapidly cooled steel slag was reported to be stable in the situation of volume expansion and collapse [8] . The particle shape of rapidly cooled steel slag aggregate has high roundness or sphericity, which leads to high solid volume and unit volume weight. The steel slag is characterized to have high density due to there being about 40% of iron(FeO) in chemical property. Studies have been actively performed on the physical characteristics of rapidly cooled steel slag aggregate to use the aggregate for high density concrete and for polymer concrete with the utilization of high solid volume. However, there have been few studies done on the characteristics of its high density. It is believed the rapidly cooled steel slag can be used in place of the existing metal aggregate such as magnetite or hematite with high density [9] . Accordingly, the radiation shielding characteristics of the concrete with rapidly cooled steel slag were tested to determine whether or not the rapidly cooled steel slag could be utilized as aggregate for radiation shielding concrete. To do this, the replacement ratio of the rapidly cooled steel slag was set differently to manufacture the radiation shielding concrete specimen. Specimens were then tested to determine their radiation shielding ability.
Radiation shielding by thickness was evaluated using the Monte Carlo method based on the measurement result of radiation shielding to conduct a quantitative analysis of the reduction in thickness of a shielding body when using the rapidly-cooled steel slag instead of natural aggregate.
Research method and scope
This study aims to determine the possibility of using, as aggregate for radiation shielding concrete, the steel slag generated by rapidly cooling the converter slag obtained in the process of iron production using an air-jet method. For the experiment and analysis, the previous studies related to radiation shielding analysis and the shielding analysis using source term were reviewed. Based on the review, concrete specimens were manufactured using the rapidly-cooled steel slag as aggregate. A gamma ray spectrometer was used to analyze the radiation shielding ability.
Literature review 2.1 Principles of shielding analysis
The basic principle of radiation shielding analysis is to obtain the solution of the transport equation.
Known as the Boltzmann transport equation, the transport equation can be largely divided into two approaches.
One is the deterministic approach, which expresses the radiation field using the equation that shows energy and transport direction, and distribution of number density at a given point. Distribution of number density was determined by a mathematical transport equation. The other is the probability approach, a simulation of particle trajectory according to reaction probability, using probability distribution function. The probability approach is called the ·Research of radioactive isotope production using an particle accelerator, including transmutation of radioactive waste ·Studies of cosmic-ray radiation shielding for high-altitude airliners and space shuttles ·Neutron and proton therapy ·Accelerator-based imaging using neutron and proton ·Neutrino experiment ·Radiation protection and shielding ·Radiation shielding design for particle accelerator ·Safety analysis of nuclear criticality, etc.
Radiation shielding analysis by source item
The radiation shielding analysis is divided into three or four steps. First, the source term is analyzed. Second, the distribution and intensity of radiation, which is the most fundamental element in the radiation shielding, is evaluated at a point after radiation was put.
The most basic question in the design and analysis of radiation shielding is whether or not the wall is sufficiently thick to protect people or living creatures from gamma rays or neutrons.
These two rays penetrate more than other types of radioactive rays, and it is difficult to lessen their intensity. In a nuclear power plant, a variety of gamma rays are generally emitted. Gamma rays All-100** 159 0 288 338 0 500 0 1028 1166 0 * RCSS : rapid-cooled steel slag ** All-100 : All aggregate uses rapid-cooled steel slag. Table 1 
Experiment plan
3.1 Concrete mixture of specimens for shielding performance test Table 1 indicates the concrete mixture for specimen manufacture and radiation shielding analysis. The concrete specimen was mixed to have a water to cement ratio of 35%, unit volume of cement of 500kg/m 3 , and fine aggregate ratio of 46%. The replacement ratio of rapidly-cooled steel slag was set as 0%, 25%, 50%, 75%, and 100% against river sand. In addition, a mixture with rapidly-cooled steel slag in place of fine and coarse aggregate was considered.
Materials
Ordinary Portland cement with a density of 3.15 g/㎤ was used. The physical properties of OPC are indicated in Table 2 . River sand and rapidly-cooled steel slag were used as fine aggregate, and 19 mm crushed gravel and rapidly-cooled steel slag was used as coarse aggregate. The physical properties of aggregate are indicated in Table 3 .
Polycarbonate super-plasticizer (brown liquid, specific gravity 1) was used. As shown in Figure 1 , the test specimen for radiation shielding was made to 7.5cm×10cm× 10cm in size and wet cured for 28 days at 20±
3℃. The radiation shielding was measured at 28 days of curing after the unit volume weight was measured using a test system for gamma ray illustrated in Figure 1 . Cs 137-662keV gamma ray was used for the test. it is expected that the technical report will be widely utilized when performing the shielding because of its applicability from low-energy photon(0.1MeV) to high-energy photon(10MeV). In addition, it can be applied not only to a nuclear power plant but also to a general company.
Geometric model and does conversion method
The ultimate purpose of radiation shielding is to minimize radiation exposure of a human body. For this reason, to evaluate the shielding body containing the rapidly-cooled steel slag, a radiation shielding transport model was selected, and could be applicable to any of the shielding designs by assuming an infinite slab, which provides protection from a point source and the entire source. Infinite slab was assumed to minimize the uncertainty, since a geometric model is usually complex due to the high uncertainty caused by modeling. To concentrate the analysis on the shielding performance of the body, the parameters for the geometric model were used at the minimum.
In addition, by expressing the shielding performance in a percentile of radiation beam, the source can be applied regardless of beam and dose rate. Thus, when the effective beam was evaluated using ICRP74 or another method, it can be converted into dose rate by applying the shielding ratio.
Verification of the evaluation method
To verify the results of the analysis of shielding performance, the measurement values were obtained by measuring radiation transmissivity using a gamma spectrometer. In the test, the shielding concrete specimen made to the size of 7.5cm×10cm×10cm and the test source of Cs 137-662kev was used. The shielding concrete used to make the specimen was analyzed in terms of element and density, and the analysis results are indicated in Table 4 . Analysis values were obtained through an analysis using the MCNPX 2.4 code by assuming that the specimen was 7.5cm thick and had an identical composition of elements and density to those shown in Table 4 , and the source term of Cs 137-622kev was used. The validity was verified by comparing the measurement values with the analysis values. Table 5 . Test and analysis according replacement ratio RCSS Through this verification, it was proven that the source term and the geometric structure for computation was performed appropriately. The computation process was applied to all the energies to be analyzed in this study and the computation was performed.
Analysis results and consideration

Verification of the shielding analysis
Evaluation and review of radiation shielding
4.2.1 Gamma ray of Cs137 -662 keV Table 6 indicates the analysis results by radiation transmissivity and shielding thickness according to the replacement ratio of the rapidly-cooled steel slag. Figure 3 illustrates the analysis results of Cs137-662KeV by replacement ratio and radiation transmissibility in a semi log plot. It was shown that the higher the replacement rate of rapidly-cooled steel slag as fine aggregate, the lower the gamma transmissivity. The intensity of Cs 137-622keV gamma ray was reduced by 1/10, the thickness of 12.7cm was needed when using river sand as aggregate while the thickness of 11.2cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, from which it was proven to reduce by about 1.5cm in thickness. In addition, when using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 10cm was needed, which was proven to reduce by about 2.7cm in thickness compared with the wall using river sand and Table 6 . Result of radiation Shielding crushed gravel as aggregate. When the intensity of the gamma ray was reduced to 1/100, the thickness of 26cm was needed when using river sand as aggregate, while the thickness of 22.5cm was needed when the aggregate was replaced 100% with rapidly-cooled steel slag, which proved that it could be reduced in thickness by about 4.5cm. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 20cm was needed, which was proven to have a reduction of about 6cm in thickness compared with the wall using river sand and crushed gravel as aggregate. When the intensity of gamma ray was reduced to 1/1000, the thickness of 38.5cm was needed when using river sand as aggregate, while the thickness of 33.5cm was needed when the aggregate was replaced 100% with rapidly-cooled steel slag, a reduction of about 5cm in thickness. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 30cm was needed, which was a reduction of about 8.5cm in thickness compared with the wall using river sand and crushed gravel as aggregate. Figure 4 illustrates the results of an analysis of Co-0.1 MeV by replacement rate and gamma transmissivity in a semi log plot. When the intensity of gamma ray of Co-0.1
Gamma ray of Co-0.1 MeV
MeV was reduced by 1/10, the thickness of 5.5cm
was needed when using river sand as aggregate while the thickness of 4cm needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 1.5cm in thickness. In addition, when using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 3.5cm was needed, which was proven to reduce by about 2cm in thickness compared with the wall using river sand and crushed gravel as aggregate. When the intensity of gamma ray was reduced to 1/100, the thickness of 11cm was needed when using river sand as aggregate while the thickness of 8.5cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 2.5cm in thickness compared with the wall using river sand crushed gravel as aggregate. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 7cm was needed, which was proven to reduce by about 4cm in thickness compared with the wall using river sand and crushed gravel. When the intensity of gamma ray was reduced to 1/1000, the thickness of 16.5cm was needed when using river sand as aggregate while the thickness of 13.5cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 3cm in thickness compared with the wall using river sand crushed gravel as aggregate. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 10.5cm was needed, which was proven to reduce by about 6.5cm in thickness compared with the wall using river sand and crushed gravel.
4.2.3
Gamma ray of Co-1.0Mev When the intensity of gamma ray of Co-1.0
MeV was reduced by 1/10, the thickness of 15.5cm
was needed when using river sand as aggregate while the thickness of 13.5cm needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 2cm in thickness. In addition, when using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 12cm was needed, which was proven to reduce by about 3.5cm in thickness compared with the wall using river sand and crushed gravel as aggregate.
When the intensity of gamma ray was reduced to 1/100, the thickness of 31cm was needed when using river sand as aggregate while the thickness of 27.5cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 3.5cm in thickness compared with the wall using river sand crushed gravel as aggregate. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 25cm was needed, which was proven to reduce by about 6cm in thickness compared with the wall using river sand and crushed gravel.
When the intensity of gamma ray was reduced to 1/1000, the thickness of 47cm was needed when using river sand as aggregate while the thickness of 41cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 6cm in thickness compared with the wall using river sand crushed gravel as aggregate. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 36.5cm was needed, which was proven to reduce by about 10.5cm in thickness compared with the wall using river sand and crushed gravel. When the intensity of gamma ray of Co-10 MeV was reduced by 1/10, the thickness of 42cm was needed when using river sand as aggregate while the thickness of 36cm needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 6cm in thickness. In addition, when using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 31cm was needed, which was proven to reduce by about 9cm in thickness compared with the wall using river sand and crushed gravel as aggregate. When the intensity of gamma ray was reduced to 1/100, the thickness of 88cm was needed when using river sand as aggregate while the thickness of 75cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 13cm in thickness compared with the wall using river sand crushed gravel as aggregate. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 62cm was needed, which was proven to reduce by about 26cm in thickness compared with the wall using river sand and crushed gravel. When the intensity of gamma ray was reduced to 1/1000, the thickness of 129cm was needed when using river sand as aggregate while the thickness of 108cm was needed when the aggregate was replaced 100% with the rapidly-cooled steel slag, which was proven to reduce by about 21cm in thickness compared with the wall using river sand crushed gravel as aggregate. When using fine and coarse aggregates together with rapidly-cooled steel slag, the thickness of 94cm was needed, which was proven to reduce by about 35cm in thickness compared with the wall using river sand and crushed gravel. The gamma transmissity of neutron beam was decreased slightly according to the replacement ratio of rapidly-cooled steel slag, but there were no great differences. When the intensity of neutron beam was reduced by 1/10, about 0.5 cm difference was found in thickness depending on replacement ratio of rapidly-cooled steel slag.
Gamma ray of Co -10 MeV
Neutron beam
When reduced by 1/100 and 1/1000, differences in thickness of about 1cm and 1.2cm, respectively, were found. The transmissivity of general neutron beam was decreased as the specific gravity increased, but although the aggregate with high specific gravity was used in the test, there were no great differences found. Through the test analysis, it was found that the higher the density, the lower the intensity of gamma ray, from which it is concluded that the density had an impact on gamma ray. In addition, it is believed that the increase range of density of concrete has a linear relationship with the decrease ratio of intensity of gamma ray.
Conclusion
The research findings of shielding concrete analysis depending on thickness and replacement ratio of rapidly-cooled steel slag can be summarized as follows:
1) Through the analysis of shielding performance, it was found that for the gamma ray, the higher the replacement ratio of rapidly-cooled steel slag, the better the shielding performance. For the neutron beam, the shielding performance was slightly deteriorated when rapidly-cooled steel slag was used as aggregate.
2) It was found that for the gamma ray, the higher the replacement ratio of rapidly-cooled steel slag, the lower the transmissivity, and when the rapidly-cooled steel slag is used as aggregate, the wall thickness is expected to be decreased. In addition, when fine and coarse aggregates are used with rapidly-cooled steel slag, the wall thickness will be decreased more than when only fine and coarse aggregates are used.
